The Institute of Nutrition of Central America and Panama (INCAP) carried out a longitudinal study of the effects of nutritional improvements on growth and development in early childhood in four villages in eastern Guatemala, 1969Guatemala, -1977Guatemala, , with a preparatory survey in 1967 and a follow-up study of the participants in 19881989. This paper examines differences among the four villages in education, occupation, quality of housing, and demographic profiles over a 20-year period, focusing on comparisons between the two villages that received a high-energy, high-protein supplement and the two that received a low-energy supplement at two different times: before the initial longitudinal study and before the follow-up study. The results suggest gradual improvement in all the villages on a number of indicators. However, the two pairs of village were not comparable on all measures; of particular concern for the interpretation of effects on cognitive development are differences in education.
Introduction
The INCAP longitudinal study, described in detail in this issue, was designed to test the hypothesis that supplementary feeding improves mental development and physical growth. The intervention took place in four villages in the Spanish-speaking, eastern section of Guatemala. Villages were randomly assigned to supplements. Two villages received atole, a high-protein, high-energy supplement and two received fresco, a lowenergy drink. Because the treatments were assigned by villages rather than by individuals, it is important to test whether the villages differed in terms of characteristics that could affect the outcome variables. If important differences are found, these must be controlled for in the analyses before effects can be attributed to exposure to the supplement.
Many studies have shown that socio-economic status (SES) affects cognitive development [1] . Thus, differences in SES between the villages receiving different treatments have to be considered in interpreting differences in cognitive development associated with the treatments.
Although initial equivalence between the children in the atole and the fresco villages in height, weight, and home diet was established [2] , no analyses have determined equivalence on socio-demographic variables. Family background variables that are believed to have theoretical associations with developmental outcomes and that are available for study are parental education levels (literacy), house quality, father's occupation, and family size and composition.
Differences between the atole and the fresco villages at the time of the follow-up study also must be examined. Variations in the patterns of socioeconomic development since INCAP's departure from the villages in 1977, leading to differences in SES in 1987, would also have to be considered in the analyses and interpretation of results.
Methods

Description of the villages
The study villages are located in the department of El Progreso, a dry, mountainous area north-east of Guatemala City on the main road to the Atlantic coast. The large fresco village is closest to Guatemala City, at 36 km, and the small fresco village is the farthest, at 102 km. The latitude of all the villages is around 14°50' . The large fresco village is 1,250 m above sea level, both atole villages are at 860 m, and the small fresco village is at 275 m. The average temperature range for the small fresco village is 24°C-38°C, and for the other three villages is about 14°C-32°C. The rainy season occurs from June to October. The agricultural patterns, history, and infrastructure of each village are described elsewhere in this issue [3] .
Subjects
Census data from each of the four villages were collected before the initiation of the study (1967), in the midst of the supplementation study (1974) , and before the followup study (1987) . All families living in the four villages at the time of the census were sampled. For each census, every ever-united woman over the age of 15 years or mother in each village was interviewed, and information was obtained on each member of the nuclear family living in the household. A family was defined as a mother-child unit, although other family members living with the same unit would be counted as part of the same family. In almost all cases, the mother or primary caregiver was the informant. Table 1 shows the number of families per village included in each round of the census and the total number of families for whom there are data for at least one of the three assessments. 
Instruments
The 1974 census form was almost identical to the 1987 form. The 1967 form had similar information on most measures but small differences in the coding of occupation, literacy, and type of housing. The subject provided information about family structure, marital status, religion, number of pregnancies, number of live children, and the relation of the household head to the head of the extended family at the time of the census. The interviewer also observed and recorded the quality of the house (e.g., types of walls, floor, roof). For each family member, parity, relation to the rest of the family, birth rate, education, occupation (if over 10 years old), current status in the family, and the dates of changes of status (death or migration) were coded. In addition, in 1987, when many of the subjects had started their own families, the identification number of the previous family was recorded. For some subjects, at least two prior families had to be coded.
Construction of variables
The data from the censuses were used to construct various indicators of SES: house quality, mothers' and fathers' education, and fathers' occupation. Details of the construction of the variables are given elsewhere [3] .
House quality
Income measures are usually used as proxies for a number of social and environmental variables that affect cognitive development. For example, income is associated with the availability in the home of materials that foster education such as books, toys, and pictures. Income also relates to adequate food supply and access to health care and education. In rural areas of developing countries, however, accurate information on family income is difficult to obtain. For example, in agricultural communities, quantifying household production and expenditures can be extremely difficult and potentially erroneous. As a result, house quality is often used as a proxy for direct measures of income [4] . Nine variables describing house quality were assessed at each of the three time periods: an overall rating of the type of house; ownership of the house; number of rooms; types of floor, walls, and roof; whether the kitchen is located in a separate area or is part of the house; type of toilet; and the number of major possessions such as a car, radio, or bicycle. Other variables for which data were available were the method of water disposal, the source of water, and the presence of electricity, but these were not used in the assessment of house quality because they tended to be village specific and contributed little to within-village variation.
To generate an index that would capture both withinvillage variation in house quality and socially meaningful between-village differences, the analytical strategy was a factor analysis to generate factor loadings for each year based on indicators standardized within villages. First, the nine variables were standardized within village to allow for comparability across villages. Second, for each year, the nine standardized variables were factoranalysed. The factor loadings are remarkably consistent across time, which improves their comparability across the three time periods [3] . Finally, to recapture betweenvillage differences, house quality scores were constructed using the original individual raw scores multiplied by the factor loadings.
Parental education
Parental education has been positively related to the cognitive development of offspring in many studies throughout the world. It is positively related to frequency of educational opportunities, verbal stimulation provided to the offspring, and parental aspirations for children.
From the census data, the literacy of mothers and fathers was available at all three periods. In 1967 the code was simply a 0-1 distinction (0 "not literate"; 1 "literate, or some schooling"). In the 1974 and 1987 measures, literacy was evaluated as "not literate" (0), "can read or write a little or with difficulty" (1), and "can read and write" (2) . All of these evaluations were reported by the informant; there was no testing to evaluate the accuracy of the informant's opinions.
In 1974 and 1987 the amount of schooling of both the mother and the father were also assessed. The informant indicated how many years of school each person had passed. This number may be very different from number of years attended, since grade repetition is common.
Parental occupation
Occupational status is a "carrier" variable that may be associated with income, community status, resource availability, and family socialization practices. Its indirect effects on the cognitive development of children are thought to occur through the resources available to the children, both stimulation and health, and what the characteristics of the person's occupation reveals about his or her skills. Occupation may also reflect parental availability for child care.
Both mothers' and fathers' occupations were assessed. In 1967 fewer than 5% of the women reported having an occupation, so these data are presented for 1974 and 1987 only. In 1967 only 5 occupations were coded, whereas in 1974 and 1987, 27 categories were recorded, including retired and incapacitated. For purposes of presentation and comparability across time, this scale from 0 to 27 was recoded to be similar to the 1967 scale. The original and the recoded scales are highly correlated (r = .88). The same scale was used for coding all family members' occupations.
Demographic variables
Although not used as SES indicators, demographic variables were used to compare population changes in the villages. They included the mother's report of her marital status, number of pregnancies, number of live births, number of children who had died, and fertility rate. The fertility rate was calculated as the total number of children born per potential childbearing year, estimated as ages 13-45. The total population in each village and the percentage change from 1967 to 1987 were also calculated. Table 2 shows the correlations of each SES measure across time periods. Some of these variables should be identical at the various time periods, such as the number of years of school a person had passed, since they reflect a characteristic of childhood. Other variables, such as occupation or house quality, reflect current status and would be more likely to change over time. As the table illustrates, most of these indicators show a high degree of consistency over time. As expected, the smallest correlations are found in the variables that reflect current status, and the largest are for those that should not change. 
Reliability of socio-economic measures
Results
Changes in SES indicators over time
Water and sanitation
The census forms reported water sources, methods of grey-water disposal, and methods of faeces disposal. The percentages of families with some means of disposal of human waste and with a source of water at home in 1967, 1974, and 1987 are presented in table 3 . No method of grey-water drainage was available in any of the villages in either 1967 or 1974; in 1987 only 5% of the families in any village had any such drainage. In 1967 most families in the large fresco and the small atole village obtained water from a public well or spigot. In the small fresco village water was obtained from open, hand-dug wells, and in the large atole village from a public water hole. By 1974 half of the families in the large atole and the small fresco village and virtually all families in the other two villages obtained water from a public spigot. By 1987 the main source of water continued to be a public spigot in the large fresco and the small atole village, whereas in the small fresco and the large atole village, over half had a hook-up to a public network. Overall, only 44% of the families had water in the home by 1987.
In 1967 few households had any method for faeces disposal. By 1974, 18%, and by 1987, 62% had some form of disposal of human waste, such as a latrine, in or near their homes.
Housing and possessions
The typical house in all the villages except the small fresco village has one or two rooms with adobe walls, a dirt floor, and a tile or metal roof. After a major earthquake in 1976 a number of tile roofs were replaced with sheet metal, which can be considered comparable to tile in quality. In the small fresco village, which is located in a lower, warmer area, most houses have thatched roofs and walls made of reeds and mod. Most homes have a kitchen located in a separate room or area outside the house, and most families own the land on which their homes are constructed.
Dirt floors present a potential health risk, particularly for young children. Over 85% of the homes had dirt floors in 1967 and 1974. By 1987 the figure was down to 58%; in the large fresco village only 38% had dirt floors. The means for the house factor scores increased in all the villages over the 20 years but were consistently lowest in the small fresco village. No houses were equipped with electricity in 1967. In 1974 electricity was reported for 60% of the families in the small fresco village. By 1987 two-thirds to three-fourths of the families in all the villages had electricity in their homes.
Families generally have few possessions. The most common possession is a radio; in 1967, about one-third of families per village had one compared with about onehalf in 1974 and 1987. In the large fresco village twothirds owned radios by 1987. Both in 1974 and 1987, sewing machines were owned by less than 10% in all but the large fresco village, where the figure was 20%. Less than 5% owned large items such as a television, record player, refrigerator, bicycle, or vehicle in either 1967 or 1974. There was little change in the purchase of any of these items by 1987 except for televisions; 20%-30% owned televisions in all the villages except the small fresco village, where the figure was 10%. Occupations Fathers' occupations are shown in table 4. In 1967 and 1974 more than 90% of the male heads of household were primarily engaged in agriculture. By 1987 the figure had dropped to 65%, and the proportion of men working at a skilled trade had increased to 29%. However, the proportion of fathers who were farming land that they owned dropped from 41% in 1974 to only 32% in 1987. The percentages varied by village. Sample sizes are given in table 1.
In 1987 unemployed were coded separately. and 3% were coded as unemployed.
In 1967 fewer than 5% of the women reported an occupation. Table 5 presents the percentages of women who reported an occupation in 1974 and 1987, categorized into the same groups as the men. In 1974, 32% of the women reported an occupation, compared with 23% in 1987. The rates vary considerably by village, with high rates in the small fresco village, where women wove baskets for sale. Agricultural work was rarely reported (< 4%); the most common occupations were skilled trade, including artisan work (21% in 1974 and 15% in 1987) and commercial work (6% in 1974 and 7% in 1987). 
Literacy and schooling
Literacy rates and years of school passed are shown in table 6. Mothers at least partially literate ranged from 25% to 40% in 1967 and from 57% to 63% in 1987. For fathers the range changed from 38%-60% in 1967 to 61%-76% in 1987. As with literacy, the years of schooling completed increased, but by 1987 still averaged only two years. Both schooling and literacy were higher in the fresco villages for men in both 1967 and 1987, and for women in 1967. 
Marital status
The percentage of women in each marital status category remained constant over time (table 7) . At each census, approximately 25% of the women were unmarried (mostly widows or divorced or separated; few unmarried mothers). About 40% were in consensual unions, and 36% were legally married. These rates differed by village, with women in the small fresco village least likely to be in a consensual or legal union. 
Comparison of villages on SES indicators
Initial comparison
To determine whether there was initial equivalence between the atole and the fresco villages in SES, the continuous measures (house quality, father's occupation, number of pregnancies, fertility rate, number of children who had died) were analysed using a treatment (2) analysis of variance with unbalanced cells (general linear model, SAS, 1988). For parents' literacy, a treatment (2) by literacy (2) chi-square analysis was calculated (tables 8 and 9). In 1967 the fathers in the atole villages had significantly higher-ranked occupations than those in the fresco villages. House quality did not differ with village type. The number of pregnancies per woman also did not differ by village type, but many women had not completed their families (mean age of the mothers sampled 39.1 yrs, SD = 14.6). However, the fertility rate was significantly higher in the atole villages, as was the number of children who had died. Finally, both mothers and fathers in the fresco villages were more likely to be somewhat literate than those in the atole villages in 1967.
Comparison in 1987
For literacy, which in 1987 was coded on a three-point scale, a 2 (village type) x 3 (literacy code) chi-square analysis was performed. The fresco village fathers (but not mothers) were more likely to be literate (X2 (2) = 6.91, p < .05 for fathers; x2 (2) = 0.35 for mothers). Table 10 presents results of an analysis of variance by treatment (2) for the continuous variables house quality, years of schooling, occupation, and demographic variables in 1987. Parents continued to have significantly more years of schooling in the fresco villages in 1987. Fertility rates were also lower as in 1967. No differences in the number of pregnancies were found in 1987, as was the case earlier. However, some differences favoured the fresco villages later that were not seen in 1967; fresco village houses were rated as of higher quality, and there was no difference in the occupations of the fathers, which had been significantly higher in the atole villages 20 years previously. On the other hand, whereas in 1967 more children had died in the atole villages, no differences were seen in 1987. 
Discussion
Despite the apparent poverty of the area, these villages experienced progress over this 20-year period. Literacy and schooling increased, especially for women. Houses improved, people owned more possessions (notably television sets), and they were more likely to be working in skilled trades. Women were more likely to report an occupation, and probably even more worked than reported it, since occupation is often underreported [6] . On the other hand, adequate water still was not available in the homes, and faeces disposal was lacking for 40% of the families. Almost half of the families continued to have dirt floors in their houses. Finally, although literacy rates improved markedly, the average school grade passed by parents was only second grade. The absence of change in demographic indicators such as the number of children and the fertility rate may threaten the well-being of the residents. The significant increase in the population, despite continued reliance on agriculture, suggests that the scarce resources of this arid region may not be able to support the rate of growth that current patterns indicate. These topics are addressed elsewhere in this issue [3] .
In terms of the experimental design, it appears that neither the assumption of initial equivalence on SES indicators nor of equivalence prior to the follow-up study is justified. In 1967 the fathers in the atole villages were on the average higher in occupational status than those in the fresco villages. An examination of the frequencies of the specific codes reveals that few fathers were commercial workers or skilled tradesmen; rather, the major difference between the villages was that the atole fathers were far more likely to own their own land than the fresco fathers. Conversely, the parents in the fresco villages in 1967 were better off educationally than those in the atole villages. House quality did not differ overall among the villages, but the large fresco and the small atole village had higher house quality than the other two. Thus, adjustment for initial differences seems to be necessary for an interpretation of results.
The implications of the socio-economic differences observed in the 1987 data for the experimental design depend in part on the direction of the differences. Those favouring the atole villages would have made interpretation of any treatment differences on adolescent test performance more difficult. However, they tended to favour the fresco villages. Both mothers and fathers in the fresco villages had more years of school, and fathers, but not mothers, were more likely to be literate. Houses were, on average, of better quality in the fresco villages. No differences in fathers' occupations were seen. There were no differences in the number of pregnancies, but overall the atole mothers had more children per year. There were differences in the children's exposure to education [3] . Children reared in these conditions would be likely to have higher performance on test batteries, particularly those reflecting school-related knowledge and experience. Thus an appropriate test of the hypothesis that supplementation has an effect on cognitive performance in adolescence and young adulthood should control for differences in SES that might tend to reduce the effects of the supplementation on test performance.
It is difficult to explain the different trajectories of the atole and fresco villages. One might have expected that the atole villages would have advanced more rapidly. Not only did they benefit from the protein-energy supplement, but also the large atole village received several years of an intensive development effort by the Institute for Cultural Affairs, which brought electricity, a drip irrigation system, a preschool, and an improved water supply. Also, in 1967 a much larger percentage of families in the atole villages owned their own land than in the fresco villages.
One clear difference was the greater level of education both of parents and of children in the fresco villages. One can speculate about other differences, such as the presence of a local artisan industry and high rates of employment among the women in the small fresco village, or the proximity of the large fresco village to Guatemala City. Further research examining not only mean differences but also variability in these indicators would help to answer these questions.
A direct implication for analyses of the effects of the food supplementation programme on growth and development outcomes is the need to control for education and socio-economic status. This is precisely the approach followed in a study contrasting cognitive development in the atole and fresco villages [4] ; the authors show, for example, that failure to control for education yields biased results.
